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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the light emitting diode (henceforth LED) 
which has the light emitting device by which the laminating of the gallium nitride system 
compound semiconductor was carried out on the translucency substrate, especially relates to 
the structure of the details of this light emitting device. 
[0002] 

[Description of the Prior Art] Generally, gallium nitride system compound semiconductors, 
such as GaN, InGaN, GaAIN, and InAlGaN, are known as an ingredient of the light emitting 
device of blue LED. The structure of the conventional blue LED which has a light emitting 
device using these gallium nitride system compound semiconductor is shown in drawing 2 . It 
is the resin mold which the electrode with which the gallium nitride system compound 
semiconductor (henceforth [ 1 and 2 are doubled and ] a light emitting device in this 
specification) 3 with which 1 was used as the translucency substrate and the laminating of 2 
was carried out on the translucency substrate 1 was formed in the suitable location on the 
gallium nitride system compound semiconductor 2, the leadframe in which 4 lays a light 
emitting device, and 5 close the whole light emitting device, and condenses luminescence 
from the gallium nitride system compound semiconductor 2. Oxide system single crystals, 
such as sapphire, a zinc oxide, and a magnesium oxide, can be used for the ingredient of the 
translucency substrate 1, and, generally sapphire is used. Moreover, transparence resin 
excellent in weatherability, such as an epoxy resin and a urea resin, is used for the resin mold 
5. As shown in this drawing, that most is cut in the shape of a chip so that the end face of a 
light emitting device may become perpendicular, and the conventional blue LED has the 
structure laid in the leadframe, as the translucency substrate 1 side becomes a top face, i.e., a 
luminescence observation side. 
[0003] 

[Problem(s) to be Solved by the Invention] In the light emitting device of this structure, when 
the translucency substrate 1 is used as sapphire, there is usually hundreds of micrometers 
thickness of silicon on sapphire 1. On the other hand, the light which reaches the side face of 
silicon on sapphire 1 among full-blue luminescence which does not pass over the thickness of 
a gallium nitride system compound semiconductor to several [ at most ] micrometers, but is 
emitted from a gallium nitride system compound semiconductor is about 10 - 40% of the 
whole. And if the refractive index of sapphire is set to about 3 and an epoxy refractive index 
is set to about 1.5 when closure resin is used as an epoxy resin, the critical angle in the 
boundary of sapphire and an epoxy resin becomes about 30 degrees, and all of the light 30 
degrees or less which carries out incidence to a side face are not left and used effectively 
from the side face of silicon on sapphire. 

[0004] By the way, although there is also a method of reflecting in the upper part the light 
which lays a light emitting device in the bottom of the cup by making the configuration of a 
leadframe into the shape of a cup, and is left from a side face on a cup side face, if a 
leadframe is made into a cup configuration, an industrial-engineering top is impossible for an 
assembly at the gallium nitride system compound semiconductor light emitting device of 
structure which turns a translucency substrate up and turns an electrode down, i.e., the light 
emitting device using a translucency substrate. Therefore, the conventional blue LED was the 
structure [ like drawing 2 ] whose most of that is, and LED of this structure could not use 
effectively the light left from a tip side side, but had the problem of high forward voltage that 
luminous efficiency was low comparatively and sufficient brightness was not obtained. 
[0005] Therefore, this invention is accomplished in view of such a situation, and does not 
need reflecting plates, such as a cup, but the light which comes out from the side face of a - 



light emitting device in which the gallium nitride system compound semiconductor was used 
can be used effectively, arid it can take out to an observation side side, and aims at offering 
the manufacture approach of light emitting diode that light emitting diodes, such as blue LED 
which can raise luminous efficiency, can be manufactured. 
[0006] 

[Means for Solving the Problem] The silicon on sapphire in which the manufacture approach 
of the light emitting diode concerning this invention has the 1st principal plane and 2nd 
principal plane, In the manufacture approach of the light emitting diode equipped with the 
light emitting device which has the gallium nitride system compound semiconductor layer by 
which the laminating was carried out to the 1st principal plane of this silicon on sapphire, and 
makes the 2nd principal plane of said silicon on sapphire a luminescence observation side It 
is characterized by including the cutting process which cuts the wafer with which the gallium 
nitride system compound semiconductor layer was formed by dicing, and uses it as each light 
emitting device so that the include angle of the 2nd principal plane of said silicon on sapphire 
and a side face to accomplish may become an acute angle in said light emitting device. In the 
light emitting diode manufactured by the manufacture approach of the light emitting diode 
concerning this this invention, the light emitting device consisted of a gallium nitride system 
compound semiconductor by which the laminating was carried out at least to the silicon on 
sapphire and this silicon on sapphire of translucency, and the side face of said light emitting 
device was cut from the direction of a vertical of silicon on sapphire by the acute angle theta. 
Moreover, by the manufacture approach of said light emitting diode, farther, said light 
emitting device may be laid on a leadframe, and the process which carries out the mold of 
this light emitting device by the resin which has a refractive index smaller than sapphire may 
be included. If it does in this way, the light emitting diode by which laid said light emitting 
device on the leadframe, and the closure was carried out by resin mold in the whole light 
emitting device can be manufactured. 

[0007] Moreover, although especially the include angle of said 2nd principal plane and said 
side face to accomplish is not limited, it can be suitably changed with the refractive index of 
the silicon on sapphire of translucency, and the refractive index of resin mold. In order to 
carry out total reflection of all the luminescence of a gallium nitride system compound 
semiconductor to a silicon-on-sapphire side (luminescence observation side side), it is 
desirable to set up so that it may become [ refractive index ] below {pi/2-sin-l (n2/nl)} about 
the refractive index of nl and said resin in the include angle of said 2nd principal plane and 
said side face to accomplish, when the refractive index of said silicon on sapphire is set to n2. 
That is, it is desirable to cut by the manufacture approach of the light emitting diode 
concerning this invention, so that it may become [ refractive index ] below {pi/2-sin-l 
(n2/nl)} about the refractive index of nl and said resin in the include angle of said 2nd 
principal plane and said side face to accomplish, when the refractive index of said silicon on 
sapphire is set to n2. Moreover, when carrying out total reflection of all the luminescence on 
a light emitting device side face by this formula, it cannot be overemphasized that what has 
the refractive index of the ingredient of resin mold smaller than the refractive index of silicon 
on sapphire is chosen. 

[0008] Moreover, in said cutting process, it may be made to carry out dicing to both sides by 
the manufacture approach of the light emitting diode concerning this invention using the 
blade which prepared the inclination according to the include angle of the inferior surface of 
tongue of said silicon on sapphire, and a side face to accomplish to the center line of the edge 
of a blade. 
[0009] 

[Function] Drawing 4 is drawing showing the structure of a light emitting device where the 
side face was cut by the acute angle theta in blue LED concerning one example of this 
invention. Moreover, drawing 3 is drawing showing the structure of the conventional light 



emitting device where the side face was cut perpendicularly. In addition, these drawings omit 
and show the electrode and the leadframe. As shown in drawing 4 , by cutting the side face of 
a light emitting device from the luminescence observation side side of the translucency 
substrate 1 by the acute angle theta, blue luminescence which emits from a gallium nitride 
system compound semiconductor, especially blue luminescence near the light emitting device 
side face are reflected with the translucency substrate 1, and it becomes possible to take out 
and use effectively for a luminescence observation side. As explained above on the other 
hand, the conventional light emitting device shown in drawing 3 has overwhelmingly much 
light which carries out [ light ] total reflection within the translucency substrate 1, or is left 
from the side face of a light emitting device. In addition, although there is also light left from 
a side face in part since this drawing 4 has not carried out theta to beyond a critical angle, 
naturally it can be made to reflect in an observation side side altogether by cutting theta based 
on the above-mentioned formula above a critical angle. 

[0010] Thus, since many blue luminescence can be reflected in an observation side by cutting 
the side face of a light emitting device acutely, the radiant power output of blue light emitting 
diode can be raised. Moreover, since the light emitting device which has a gallium nitride 
system compound semiconductor does not have cleavage into the ingredient itself unlike the 
light emitting device which used ingredients, such as other GaAs(es), GaP, and AlInGaP, it 
has the advantage of being easy to cut aslant. For this reason, it is very important to cut aslant 
the side face of the light emitting device of a gallium nitride system compound 
semiconductor, and to reflect blue luminescence on that side face. 
[0011] 

[Example] Beforehand, on silicon on sapphire, the wafer of 2 inch phi which carried out the 
laminating of the n mold GaN and the p mold GaN to order is prepared, a part of p mold GaN 
layer is etched, and a part of n mold GaN layer is exposed. Next, adhesive tape is stuck on 
silicon on sapphire after vapor-depositing an electrode in a predetermined configuration in 
the exposed n mold GaN layer and the p mold GaN. 

[0012] On the other hand, in order to cut a wafer aslant, the blade which established the 30- 
degree inclination in both sides toward the center line of the edge of a blade, respectively as 
shown in drawing 5 is prepared, and it sets to a dicing saw. Next, after sticking the above- 
mentioned wafer on a table and cutting the X-axis from a p mold GaN layer side by dicing, 
90 degrees of tables are rotated and a Y-axis is cut shortly. 

[0013] After attaching a chip in a leadframe as a silicon-on-sapphire side turns into a 
luminescence observation side after removing a wafer from a table finally and dissociating in 
the shape of a chip, and connecting an electrode and a leadframe electrically, blue LED of 
this invention is obtained by carrying out mold to the shape of a lens with an epoxy resin. 
[0014] Thus, obtained blue LED is forward voltage 5 V, and showed 20 microwatts of radiant 
power outputs. As for the conventional blue LED which consists of a chip which omitted the 
side face perpendicularly on the other hand, the radiant power output had only one half 
mostly with 10 microwatts. 
[0015] 

[Effect of the Invention] As explained above, since LED of this invention has omitted the 
side face of the light emitting device aslant, it makes it reflect on the side face, and can take 
out luminescence of a gallium nitride system compound semiconductor from a translucency 
substrate effectively. And a cup-like leadframe is not needed like before, either but it excels 
also in productivity very much. Moreover, a ceramic substrate can also be used for a base 
material besides a leadframe. 



